Inclusive education (IE) has the potential to improve special education needs (SEN) students' learning outcomes, but IE requires teachers receive adequate training to be effective. We introduce an approach to pre-service teacher preparation using experiential learning in an informal learning environment to educate beginning teachers about effective science teaching for SEN students. Using data collected from observations, survey, interviews, and autobiographical reflections, we explored how teachers' engagement in an informal teaching experience impacted their perceptions about SEN students, their beliefs about the value of teaching science to SEN students, and their beliefs about their future responsibilities to support SEN students in inclusive classrooms. Findings expand our understanding of how to prepare new science teachers to improve science learning for students who are routinely marginalized in formal educational settings. Building from these findings, we discuss the need for transforming preservice teacher education using university-based experiential learning courses that simultaneously offer SEN students targeted, high quality content learning experiences that could also have a positive impact on SEN students' attitudes about and achievement in science. We conclude by raising questions about the need for expanded policy, teacher preparation programmes, and additional research focused on improving science teaching and learning for SEN students.
Introduction
An examination of international comparative assessments in reading, maths, and science revealed a sizeable group of students who routinely underperform in comparison to their peers (see Martin, Mullis, Foy, & Stanco, 2012 for a review of Trends in International Mathematical and Science [TIMSS] data). These students are generally referred to in the literature as low achievers or underachievers (Ladson-Billings, 2006) . Research on understanding how to improve learning outcomes for underachieving students has focused on several important factors, including relevance of curriculum (Gay, 2010) , effectiveness of pedagogical strategies (Baxter, Woodward, & Olson, 2001; Duffy, 1993; Lalley & Miller, 2006) , and teacher preparation for working with diverse groups of learners (Beecher & Sweeny, 2008) . Studies exploring factors contributing to low achievement generally note that low academic success intersects with other factors, including poverty or being a racial or linguistic minority (Campbell & Ramey, 1994; Ford & Moore, 2013) . Largely missing from research on low CONTACT Sonya N. Martin sonya_martin@fastmail.com Earth Science Education Department, College of Education, Seoul National University, Building 13, Rm 332, 1-Gwanak-ro, Gwanak-gu, Seoul 08826, Republic of Korea teachers to critically examine their perceptions about people with disabilities and their beliefs about the value of science education for SEN students. We believe this is a critical step towards making quality science instruction available to all students.
Preparing science teachers to meet the needs of all students Numerous studies over many decades have reported that student achievement is correlated with teacher quality (Darling-Hammond, 2000; Stronge, Ward, Tucker, & Hindman, 2007) and that teachers' beliefs about their ability to effectively teach different content and groups of learners can affect students' achievement (Cakiroglu, Capa-Aydin, & Hoy, 2012) . Earlier studies have argued that the lack of access to highly qualified teachers trained to instruct SEN students in reading, maths, and science effectively (Allinder, 1995; Scruggs & Mastropieri, 1996) contributes to SEN students' underachievement. Researchers have found that SEN learners were not typically encouraged to pursue coursework or careers in science or mathematics (Burgstahler & Chang, 2009) . Additional research in science education has revealed that teachers' beliefs and attitudes towards science can have a significant impact on how teachers view students (Bryan, 2012) , the likelihood they will implement studentcentred, inquiry-based instructional strategies (Bencze, Bowen, & Alsop, 2006) , and how they view the purpose of science education (Mansour, 2009) . Such studies suggest that if teachers have low selfefficacy for teaching SEN students or hold negative perceptions of SEN students as science learners they may be less likely to employ inquiry teaching strategies or view learning science as being critical for these students' futures. This is unfortunate because studies have found giving SEN students access to laboratory activities and inquiry-based lessons can improve their conceptual understanding and achievement (Kang, 2015; Mastropieri, Scruggs, & Magnusen, 1999) , encourage them to have a greater interest in learning about science (Park, 2010) , and fulfil their desire to participate in and enjoy experimental learning opportunities (Kwon, 2012) .
However, to date, there is limited research in the field of science education addressing teachers' beliefs and attitudes towards SEN students as science learners. For example, a review of four topranked Social Sciences Citation Index (SSCI) science education journals revealed that over a fiveyear period (2011) (2012) (2013) (2014) (2015) (2016) , even though researchers published 132 papers focused on equity-related issues in science education, only five of these papers dealt with the topic of special education. Two papers examined special education teachers' perceptions about the nature of science and the other three papers described teaching strategies using specific material resources to provide accommodations for different groups of SEN science learners (Martin, 2018) .
In addition to limited research, there is also limited teacher preparation and professional development available for science teachers focused on how to teach science to SEN students. In Korea and elsewhere, science teachers tend to have limited requirements for completing special education coursework and typically have little or no practical teaching experience working with SEN students in productive learning environments (McCray & McHatton, 2011; Kang & Martin, 2017) . As a result, science teachers report being concerned about SEN students' capacity to safely participate in experiments (Lee & Park, 2009; Norman, Caseau, & Stefanich, 1998) , and teachers often exclude students with emotional and behavioural disabilities or students with severe disabilities from participating in science class at all (Avramidis, Bayliss, & Burden, 2000; Scruggs & Mastropieri, 1996) . Thus, SEN learners tend to be pushed to the margins of science classrooms, if they are invited in at all.
Such findings argue the need for improved science teacher preparation for supporting special needs learners. This has become increasingly necessary over the last decade as the practice of educating SEN students in inclusive science classroom settings has become more prevalent in many educational contexts and in many different countries (McCray & McHatton, 2011) . Inclusive education (IE) refers to the placement of SEN students into general education schools (or classrooms within general education settings) for instruction, rather than providing instruction in separate special schools. As educational reforms lead to more inclusive learning environments for SEN students, general-content teachers, including maths and science teachers, are faced with increased demands to be ready to instruct diverse learners in general education classrooms.
Preparing teachers for inclusive science classrooms
To effectively teach science to all students, teachers need adequate subject-matter knowledge (Villegas & Lucas, 2002) , positive attitudes towards learners (Avramidis & Norwich, 2002; Bender, Vail, & Scott, 1995; Buell, Hallam, Gamel-Mccormick, & Scheer, 1999) , and effective pedagogical practices designed to accommodate a broad group of students' learning needs (Barnard-Brak & Lechtenberger, 2010; Cuevas, Lee, Hart, & Deaktor, 2005; Mastropieri et al., 1999) . Studies focused on inclusive education (Campbell, Gilmore, & Cuskelly, 2003; Forlin, Loreman, Sharma, & Earle, 2009; Shippen, Crites, Houchins, Ramsey, & Simon, 2005) have shown that teachers' positive attitudes towards inclusive education can be established through reflection on direct experience. However, few teacher education programmes for science teachers provide additional opportunities for teachers to learn about inclusive education theory and to gain practical experiences working with SEN learners. Understanding how science teachers' beliefs about SEN learners influence teachers' instructional practices and interactions with students is critical, especially if teachers' beliefs could result in disadvantages for SEN science learners. In this paper, we argue the benefit of engaging pre-service science teachers in experiential learning activities designed to challenge teachers' general perceptions about SEN students and to expand teachers' beliefs about the value of teaching science to SEN students. In doing so, we hope to develop these teachers' capacity to effectively support SEN students to improve their attitudes towards, understanding about, and achievement in science.
Purpose of research
As science teacher educators, we are particularly concerned about how to improve science teacher education in ways that will enhance learning opportunities and achievement outcomes for SEN learners in inclusive classroom settings. To address this need, we developed an elective science education course for pre-service teachers designed to expand teachers' knowledge about SEN learners, improve teachers' attitudes towards SEN students as science learners, and equip teachers with practical teaching experiences to serve as resources for supporting their future practice in inclusive science classrooms. The course was designed to give teachers real opportunities to teach science to SEN learners in an informal education setting. To support teachers' growth and professional development, they were asked to reflect on their participation in a series of experiential activities using autobiographical writing to explore how their personal biases about people with disabilities could have an impact on their expectations for SEN learners. The ultimate goal for the course is to better prepare new teachers to meet the needs of all science learners in order to expand learning opportunities for a group of students who are currently marginalized as science learners in both special education and inclusive education settings.
Research questions
Our approach to teacher preparation was informed by sociocultural theory and research conducted in informal learning environments and studies about experiential learning and teacher reflection. To expand what is known about these topics, we used the following questions to frame our inquiry:
(1) How do pre-service teachers' beliefs about SEN students and the potential for inclusive science education change as a result of their participation in an experiential learning course?
(2) How might changes in pre-service teachers' beliefs have an impact on their teaching practices and on SEN students' potential for engaging in science learning activities that could improve science achievement?
To support our interpretation of data collected from teachers in the course, we employed sociocultural theory as a lens for explaining how their experiences teaching science to SEN learners in informal settings provided them with expanded schema and resources useful for supporting inclusive science-teaching practices. In the sections that follow, we provide more detail about data sources generated from teachers' participation in a series of experiential activities, autobiographical writing, and reflective collaborative discourse about inclusive science education and special education. We describe our analysis of data to evaluate this pre-service teacher education model's effectiveness in expanding science teachers' agency, which we believe has strong potential to improve learning outcomes for SEN students.
Context for this research
In this section, we describe the context for the study and provide important background information about inclusive education and SEN learners in Korea, where this study takes place. Following this introduction, we provide an overview of the course design, introduce the teacher participants, and describe the methods for collecting data to support our analysis of how this course affected future teachers' perceptions of SEN learners and inclusive science education.
Special education in Korea
Categories used to determine which students would benefit from special education services vary from country to country. In Korea, SEN students are categorized using 11 categories, including intellectual impairment, emotional or behavioural impairment, physical impairment, sensory impairment (visual and auditory), autism, and a category of broad-spectrum disabilities that includes communication disorders, health impairment, learning disability, and developmental delays (Ministry of Education [MOE], 2014). Students evaluated as needing special education services are then further assessed to provide educators with information regarding the degree of impairment. This classification system allows educators to develop appropriate education plans for each student and allows the government to determine what aid families and individuals will receive.
Currently only about 1.5% of Korea's total student population have been identified as requiring special education support (Statistics Korea, 2018a) . While the number of students in Korea who are receiving services is small in comparison to the total student population, this number has grown steadily in the last 12 years (see Table 1 ).
Specifically, there has been an increase in the number of students identified as having autism or a learning disability (Statistics Korea, 2018a) . This increase can be attributed to changes in national laws that have expanded the definitions used to classify which students would benefit from special education services. The data shown in Table 1 speak to an increasing need for improved teacher preparation in the area of special education to meet the needs of this growing student population. In addition, we argue that in order to narrow the achievement gap between general education students and students with special learning needs, teacher education programmes need to expand Table 1 . Change in distribution of SEN student population by school type.
Year
Special School General School Number of SEN Students special education coursework and practicum experiences to content area teachers, including science teachers. In the section that follows, we describe in more detail how the movement towards inclusive education in Korea also necessitates that pre-and in-service science teachers receive more preparation and professional development to support them to effectively teach SEN students in science.
Inclusive education in Korea
Since 2004, the number of students requiring special education services has increased by 37% and the number of students who are receiving special education support in special classrooms in regular school settings has doubled. As a result, only one third of students classified as SEN students are being educated in separate special schools (MOE, 2016) . This change can be attributed, in part, to the progressive development of educational policies designed to create more inclusive learning environments for all students. However, the majority of the SEN students being mainstreamed into regular schools still tend to receive instruction in a special classroom within the school rather than being included in classrooms with their general education peers (see Table 2 ). Currently, those students who are mainstreamed into general education classrooms encounter content area teachers with little or no training in the field of special education. Finding ways to improve science-learning opportunities for SEN students mainstreamed into inclusive classroom settings in Korea is an important impetus for our work with pre-service teachers. From our collective experiences conducting research in K-12 Korean classrooms, we found science to be a course that teachers and administrators felt was appropriate for integrating SEN learners into general classroom settings. Historically, students identified as requiring special education services in Korea have had limited exposure to science. This is in part because the Korean special education curriculum focuses mainly on instruction for mathematics, reading, and life skills and offers few or no science-related courses . The potential for expanding science-learning opportunities for SEN students in Korea by integrating them into general education science classrooms is a positive step forward for this group of students. However, Korean science teachers' perceptions about teaching SEN learners in inclusive classrooms could also present a considerable barrier for this possibility (Martin & Kang, in press ).
In countries with longer histories of inclusive education practices, there is considerable research focused on preparing new teachers to be able to meet the needs of SEN students in inclusive classroom settings, but this is an emerging area of research in Korea (Martin & Kang, in press ). In the international field of science education, few studies have focused on improving science teaching and learning for SEN students. As such, findings from this study may positively contribute to the research base in both Korea and internationally. In the section that follows, we offer context for the need for supporting science teachers to learn about inclusive pedagogies to teach SEN students science.
Science teacher preparation and inclusive science education in Korea
In Korea, there are limited data available for assessing science achievement for SEN students in Korea. However, post-graduation data suggest that students with disabilities have more limited opportunities to attend university, to enrol in vocational programmes, and to find post-secondary education employment (Kim, 2013; MOE, 2017) . We believe these students' limitations are not rooted in their disability, but rather in a lack of resources necessary for supporting their learning in school. Research (Kim & Shin, 2012; Kwon, 2012; Lee & Park, 2009; Park, Kim, Park, & Im, 2012) shows that in-service science teachers in Korea have limited knowledge about the kinds of assistive technologies, teaching materials, or human resources that could be helpful for supporting SEN students to learn science in an inclusive setting. These same studies found that Korean teachers have passive attitudes towards supporting SEN students in general classrooms. A recent survey (MOE, 2016) found that only 64% of teachers currently instructing students in inclusive classrooms had completed the standard minimum of 60 hours of professional development for using inclusive teaching strategies in the classroom. The coursework for these programmes is not content specific, so science teachers have limited opportunities to learn about strategies for teaching science to SEN learners. As a result, Korean teachers' awareness about the benefits of inclusive science education for SEN students and their ability to effectively support these learners is very limitedwhich has serious consequences for SEN students' science learning and school achievement. Additionally, the two-credit course described previously covers special education theory and pedagogy, but is not content specific.
Of critical interest for our research, secondary science teachers in Korea generally have only 4-5 weeks of teaching practicum. During this short period, teachers have little or no exposure to positive inclusive science classrooms because cooperating in-service teachers also lack the expertise needed to model effective inclusive teaching practices with pre-service teachers (Ha & Park, 2012) . Pre-service science teachers have limited opportunities for engaging SEN learners in productive or successful science-learning experiences, so when they move to their own classrooms, they have limited theoretical or practical knowledge to rely on.
To address this need, we developed a science elective course to help expand new teachers' capacity for teaching science to the SEN students who may be included in their future science classrooms. In the section that follows, we describe the theoretical lenses that underpin the development of our course.
Theoretical framing
In this paper, we integrate research on informal learning (Adams & Gupta, 2017; Gupta & Adams, 2012) , experiential learning (Kolb, 1984) , and sociocultural theory (Sewell, 1992 (Sewell, , 1999 to evaluate how pre-service teachers' participation in a series of experiential learning activities had a positive impact on teachers' beliefs about SEN students as learners and about the importance of extending opportunities for all students to learn science.
Informal teaching and learning
Learning to teach in traditional settings has long been criticized for its ineffectiveness in preparing new teachers' knowledge and giving them practical experience (Darling-Hammond, Hammerness, Grossman, Rust, & Shulman, 2005) . In the last decade, there have been increasing calls for using out-of-school settings as a means to provide aspiring teachers opportunities to plan and enact lessons in low-stakes learning environments (Luehmann, 2007) . Teaching in high-stakes, traditional classroom settings where student outcomes determine grade advancement, career trajectories, and even school funding have been shown to inhibit new teachers' capacity for making connections between research and practice (Adams & Gupta, 2017) . Adams and Gupta's (2017) review of three partnerships between universities and science museums revealed that teacher candidates who learned to teach in informal settings reported an expanded capacity for teaching diverse learners. Other studies have found that informal teaching provides teacher candidates important opportunities to teach the same lesson alongside co-teachers to different groups of students, thereby benefitting from seeing varied styles and approaches to instruction and teacher-student interactions (Gupta & Adams, 2012) . Adams and Gupta (2017) demonstrated that pre-service teachers' engagement in informal science-teaching experiences can afford them an improved sense of agency to effectively instruct science to diverse learners by supporting teachers to better connect theory and practice. Unlike in traditional classrooms, informal settings tend to be more social and interactions between teachers and students are less constrained due to smaller teacherto-student ratios and different expectations about how to engage in learning in informal spaces (Falk & Dierking, 2000) . Teaching in informal settings supports teachers to appreciate the value of hands-on activities and collaborative group work, both of which can be neglected in formal settings due to time constraints.
Additionally, teachers have more chances to connect theory to practical experience and to observe other teachers and learners. Gupta and Adams (2012) argue that teachers working in university-museum partnerships are better equipped to develop spielraum ("room to play" or "room to manoeuvre") because they have more chances to apply and practise different pedagogical techniques with the same topic and to teach the same topic to diverse and varied learners. Teachers experience students' science learning outside of the traditional school context and as a result are more apt to adapt their ideas about what it means to teach and learn science.
For these reasons, we developed our course as a university-school partnership to provide our teachers opportunities to teach science to SEN students in informal settings. Developing the course around informal learning opportunities with members from a school for deaf and hearing-impaired students also helped to address the limitation of the small number of inclusive science classrooms in Korea and the relatively small percentage of in-service teachers who have the expertise needed to effectively instruct SEN students in science. The course was designed to provide teachers with opportunities to select a topic, plan and teach the same lesson to different groups of students with different learning needs multiple times, and actively reflect on their experiences and the ways that theory from our coursework could be applied to their planning, teaching, and understanding of SEN students as science learners.
Experiential learning and autobiographical reflections
According to David Kolb (1984) , experiential learning describes the knowledge gained from the process of taking part in the doing of some activity. Building from Kolb's experiential learning model (see Figure 1 ), in this course we sought to help teachers connect theory about inclusive education to science teaching practices by having students learn about theory in our coursework and then engage in concrete experiential activities designed to help them process and integrate theory into their actual teaching practice.
Reflection in experiential learning has been regarded as a mediator that transforms the learner's experiences into knowledge (Dewey, 1938; Kolb, 1984; Schön, 1983) . Conceptualized as a continuous cycle, experiential learning requires people to engage in activity and then to create knowledge about that activity by reflecting on their experiences. In teacher education especially, teachers can gain and embody practical knowledge when they practise instructional knowledge and reflect on the results of their actions (Schön, 1983) . We incorporated autobiographical writing to support this reflective process, which could support teachers in transforming experience into knowledge (Kolb, 1984; Schön, 1983) .
Autobiographical writing has been shown to be effective in supporting teachers to identify biases and considering how their previously unexamined beliefs about learners may have an impact on teachers' decision making in the science classroom (Martin, 2005) . Autobiographical reflection also allows teachers to express their own stories (Barton, 2000) that teachers can then use asresources for discussing how perceptions can shape practice. In this paper, we draw from teachers' reflective writings about their individual experiences to demonstrate potential for growth and change in attitudes and beliefs about SEN students and inclusive science education (see Table 3 for information about writing prompts).
To identify pre-service science teachers' prior beliefs and trace any changes in teachers' beliefs about SEN students, we introduced writing prompts aimed at having teachers reflect on their general knowledge and past personal experiences with people with disabilities (see Phase 1 questions in Table 3 ). As the course progressed, we focused on identifying in what ways pre-service teachers' beliefs changed as a result of their participation in different experiential learning activities in our course. For example, writing prompts provided after students participated in an informational lecture and open dialogue with a parent advocate for students with disabilities (see Phase 2 questions in Table 3 ) were designed to have our students reflect on their future role and responsibility as an advocate for SEN students and their families. Additional writing prompts provided after other experiential activities asked teachers to reflect on their roles as science teachers for all students. For example, after visiting the school site and meeting with the high school students who would be attending our science fair, we asked teachers to reflect on their beliefs about the value of science education for students with disabilities. Thus, the writing prompts served to promote teachers' comparative reflection on their beliefs and experiences before and after each course activity while simultaneously providing us with access to data documenting their responses. (Kolb, 1984) . Reflect on your thoughts about the parent-student teacher dialogue 1. What challenges did you learn SEN students and their families face in Korean society? 2. How can we better support SEN students in educational contexts, especially in science? 3. How should the education system be changed for these students?
Sociocultural theory and teacher agency
In this study, we conceptualize schools and informal learning spaces as physical and social fields (Bourdieu, 1986 ) that are nested within larger fields, such as the neighbourhood or city where the school or informal learning space is located. People can enact practices in these fields to meet their goals, such as teaching and learning science. The degree to which teachers and students are successful in meeting their goals is dependent upon their agency, which refers to a person's ability to access and appropriate resources needed to meet one's goal. William Sewell (1992 Sewell ( , 1999 theorized that agency exists in a dialectical relationship with structures, which consist of both schema and resources.
In this study, we seek to expand teacher agency to teach science to SEN students in informal science education fields by transforming teachers' schema (values and beliefs) and by providing them the resources needed to plan and implement science lessons with SEN students. Specifically, we sought to challenge teachers' beliefs about people with disabilities and about the importance of teaching science to all learners. In addition, we sought to support teachers to successfully teach science to SEN learners by providing them with resources necessary to meet their goals. Resources included theoretical and pedagogical knowledge, physical materials, and human support from professional teachers, parents, and SEN learners.
Thus, the course was designed to provide teachers with content knowledge and experiential activities to engage them in on-going dialogue and critical reflection about the value of providing an inclusive science-learning environment for SEN students. We collected a variety of data (autobiographical reflections, interviews, online posts, assignments, and field notes) to access teachers' general perceptions about SEN students, their beliefs about the value of teaching science to SEN students, and their beliefs about their future responsibilities to support SEN students in inclusive science classrooms.
To make sense of teachers' beliefs about SEN learners and the importance of inclusive science education, it is important to consider the ways in which societal beliefs about people with disabilities inform teachers' perceptions about SEN students. Historically, in every society, populations of people defined to be mentally and/or physically disabled have experienced a variety of human right abuses (see Iriarte, McConkey, & Gilligan, 2015) . Examples include forced sterilization and institutionalization of disabled people (Diekama, 2003) and systemic discriminatory legal practices that limit the capacity for adults and children to lead self-determined lives (O'Reilley, 2007; Shogren et al., 2007) . Research shows that people in Korean society tend to hold negative beliefs about the capacity for differently abled people to learn (Kwon, 2016; Kim, 2012; Martin & Im, 2013) . In Korea, the poverty rate of working-age disabled people relative to that of working-age non-disabled people is more than two times the global average (World Health Organization and World Bank, 2011). Additionally, studies show that non-disabled Koreans tend to hold negative beliefs about disabled people (Kwon, 2005; Lee, 2016) and teachers report that many barriers in schools prevent disabled students from developing positive social relationships with their general education peers (Kwon, 2005) .
Societal expectations contribute to how individuals view themselves and others. These beliefs are manifested in reality in a country where less than 15% of recent high school graduates identified as disabled enrolled in post-secondary education programmes (MOE, 2016) , less than 60% of all working-age people with disabilities are employed, and the income of people with disabilities is about 30% less than non-disabled workers (Employment Development Institute, 2017) . In addition, while national data indicate that 54% of people with physical disabilities are married, these data include people who became disabled after marriage (Yoon, 2017) . In Korea, tertiary education, stable employment, and marriage are all hallmarks of full participation in society as a successful adult. These societal norms, when left unexamined and unchallenged, have important implications for teacher and student agency.
In this course, it was our intention through experience and reflection to support pre-service teachers to challenge societal norms that lower expectations for learning outcomes for SEN students. By providing pre-service teachers with opportunities to interact with SEN learners and their parents in positive teaching and learning activities, we sought to transform teachers' beliefs about what SEN students can accomplish and to consider the value of science learning for all students. This course sought to expand pre-service science teachers' agency by providing knowledge about pedagogical strategies and experiential learning opportunities to teach science to SEN students. In doing so, we hoped to improve teachers' understandings about who SEN students are as learners and to have them critically assess their own role and responsibility for educating SEN students in inclusive classroom settings.
Using sociocultural theory as a lens, we explore how teachers' participation in varied experiential learning activities in informal science-learning fields contributed to the transformation of their beliefs about SEN students and about the value of inclusive science teaching. In the sections that follow, we describe our methodological framing for this study.
Methodology
This study took place at a large public university in Korea in a science teacher education programme for undergraduate students implemented as an elective, three-credit-hour, 15-week course. We developed the course using a university-school partnership model whereby we collaborated with administrators and teachers at a school for deaf and hearing-impaired students to plan and implement activities for the course. The ultimate goal for the course was to give our pre-service teachers real opportunities to develop and implement science lessons designed for students from the partner school who volunteered to participate in a full-day science fair held at the university. Below we introduce the teacher participants and describe each activity in more detail. Please note we provide limited information about the high school student and teacher participants due to human-subject permissions and because the pre-service teachers were the subjects of this investigation.
Pre-service teacher participants
Twenty-eight pre-service teachers enrolled in the course and we report on data collected from 11 teachers (see Table 4 ). Prior to entering the course, all but two of these students had completed the government mandated two-credit-hour course about general topics in special education. Nine participants were seniors in their final year of the programme and the remaining had completed at least one year of the programme. Seven participants were male and four were female and were biology, earth science, and chemistry majors.
Pre-interviews and survey responses with teachers revealed that all 11 had prior experiences with disabled people (see Table 5 ), usually from being a student in a class where SEN students had also been included. Some teachers reported being aware of people with disabilities from mass media/news and due to volunteering experiences at community spaces for people with disabilities. Two teachers reported they had a family member with a disability, including a teacher who had a cousin with autism and a teacher whose sister had an intellectual disability. At least two teachers had some previous experiences teaching SEN students, but not in science. Pre-service Teachers 5, 7, 8, and 9 were enrolled in our experiential learning course while simultaneously being enrolled in a 5-week teaching practicum at a public school. These teachers participated in all activities and conducted some observations and interviews with in-service teachers about inclusive teaching as part of their regular practicum teaching experience. We will not report on these separate data in this paper, but this experience provided additional context for whole-class discussions about the challenges of inclusive education.
Course overview
In this section, we briefly describe five activities designed to connect our teachers with our members of the school partnership. Activities were developed from the literature and in consultation with the school administrator and teachers to support and facilitate our informal teaching and learning activities. Activities included a lecture and open dialogue with a parent advocate of a student with special needs, a site visit to partner school, dialogue with students regarding their science interests and activity preferences, an interview with the administrator and teachers at the special school, and teaching science lessons in the science fair, which was called the Science Fair for All Students.
Parent lecture
We invited an educator and advocate from a local organization for parents of children with disabilities to come to the university to discuss laws about inclusive education, the need for educators to support SEN students' educational rights, and the importance of science education for SEN learners. In addition, our teachers prepared questions for the parent to ask about her family and child's personal challenges living with disability in Korean society. The parent and teachers engaged in a two-hour open dialogue following the brief lecture.
School visit
Teacher participants travelled to our partner school for deaf and hearing-impaired students. This school included some students with multiple disabilities, including auditory, visual, and cognitive disabilities as well as some students with emotional and behavioural issues. At the school, teachers were given a guided tour of the facilities and they observed teachers and students during class.
Dialogue with students
During the site visit, teachers had a chance to meet the high school students who had self-selected to attend the science fair at the end of the semester. Teachers asked about students' science 
interests and prior science learning experiences. In addition, they had discussions with students to determine what curriculum topics students preferred to learn about and what methods of instruction best supported their learning.
Interviews with administrators and teachers
Our teachers interviewed special education teachers and the principal of our partner school to learn about the history of the school, effective strategies for supporting learners, and information about pursuing future careers in special education. During the interviews, our teachers also asked questions about strategies for dealing with parental concerns and what these teaching professionals think about the value of science for the students in their school.
Full-day science fair for SEN students
Throughout the semester, our teachers worked to develop science activities designed to meet the specific needs of the high school students who had self-selected to attend the science fair. Teachers conducted research during the semester to learn about the challenges students with hearing, visual, and cognitive impairments face and to learn which teaching resources and strategies are effective for accommodating different learners. For the science fair, the principal, science teachers, and the high school students all travelled to the university for a full day of activities. Our teachers were supported to communicate more effectively with the high school students by partnering with members of our university Korean Sign Language (KSL) club. Scheduled events included a tour of the university campus and science laboratories, lunch in the cafeteria, participation in several hours of science activities, and an award ceremony for the student participants. Our teachers were responsible for all aspects of the science fair planning and implementation. We were provided a small budget from the university to purchase science kits and materials for the activities.
Data collection
To help explore how participation in this course had an impact on teachers' beliefs about SEN learners and their own roles and responsibilities in teaching science with diverse students, we collected data that allowed tracing teachers' learning over time. Specifically, in order to consider the effectiveness of the structure of this course on pre-service teachers' beliefs, we compared teachers' pre-and post-course beliefs about SEN learners in terms of their perceptions about the value of science education for SEN students. Below we describe all the data collected (see Figure 2 ).
Pre-and post-course interviews
Semi-structured open interviews were conducted before and after the course to learn about the participants' previous experiences with SEN students and inclusive education and teachers' general perceptions about people with disabilities and the purpose of science education for SEN students.
Comparisons of the pre-and post-interviews were used to provide evidence of changes in teachers' beliefs about and attitudes towards SEN students and teaching science to SEN students.
Group interviews
Group interviews were conducted to track changes in teachers' perceptions throughout the course. Teachers were divided into two groups and each group participated in three interviews: once each after the parent lecture, the site visit to special school, and the science fair for SEN students. 
Autobiographical reflections and online discussions
Autobiographical reflections were collected five times during the course: one before the course (prior conceptions about SEN students), one after each experiential activity (parent lecture; school visit and discussions with teachers, parents, and students; and preparing for science fair), and one at completion of the course (final reflections about the science fair and course). Teachers were asked to write 1-2 pages in response to writing prompts provided after each activity. The writing prompts always asked for teachers' general reflections about their experience and observations during each activity and specifically asked teachers to compare their prior beliefs and understanding with their current beliefs and understanding. Please refer to Table 3 for examples. The writing prompts were designed for pre-service teachers to challenge societal norms dictating that SEN students do not need education. In Phase 1, we helped teachers to be aware of their prior beliefs and notions about SEN students having different abilities. As teachers engaged in the course, we provided writing prompts to help teachers to reflect on their experiences and thoughts after each activity (from Phases 2 to 5), especially in the science education context. In doing so, we aimed to prepare teachers to have higher expectations for science learning of SEN students and to recognize individual science teachers' roles and responsibilities.
Teachers' autobiographical writings were submitted electronically and were not shared directly with other students in the class; however, teachers did discuss their responses with their peers during whole-class discussion. Teachers also participated in four online discussions in which they discussed materials they each found and shared about inclusive science education. Teachers posted brief summaries about the resources they found and then they posed questions to promote dialogue with their peers. These boards promoted knowledge through mutual interaction (Revere & Kovach, 2011) . Topics for teachers' posts included local news stories, videos from YouTube, and journal articles.
Field notes and artefacts
Researchers each kept field notes about the course, perceptions about teachers' responses to activities, and general questions and observations. Researchers also collected materials, including questions generated for the parent lecture, school site visit, and all materials related to the science fair. Observations notes about important activities were useful for helping to guide interviews and on-going analysis and interpretation (Mack, Woodsong, MacQueen, Guest, & Namey, 2005) .
Data analysis
In an effort to transform science teaching for SEN learners, we sought to assess what impact experiential learning in informal settings could have on challenging teachers' assumptions about SEN learners in inclusive science education classrooms. Using qualitative research methods (Elliott & Timulak, 2005) , data analysis was conducted by examining all collected data to get a general understanding about teachers' experiences and to begin interrogating what impact different aspects of the course had on different teachers (see Figure 3 ). Afterwards, we repeatedly read the data, sorted out the corpus that appeared related to the research problem, and delineated the topics represented by each. This process was carried out several times using transcripts from interviews and text generated from autobiographical reflections and online discussions. This process enabled us to deepen our thoughts about the data and outline our findings.
We created categories based on the topics extracted previously and identified newly emerging categories and relationships among the categories in order to form a hierarchy of categories. The process was repeated until no new category or relation of categories appeared (point of data saturation) individually for each category. Reliability and validity of data analysis were established by triangulating data from all five data sources (Elliott & Timulak, 2005) . In addition, we reviewed internal validity by analysing and reflecting on data repeatedly multiple times over a one-year period. We also validated our interpretations with other members of our research group (Glesne, 2015) and presented our findings at international and domestic conferences (Lincoln & Guba, 1985) , which helped to ensure external reliability and validity. Aspects of our data analysis have been presented at five different domestic and international conferences, where we received feedback from experts in science education, special education, and teacher education who all evaluated our findings and interpretations (Creswell, 2005) .
Findings
Our findings related to changes in pre-service science teachers' beliefs about science for SEN students as a result of their participation in this experiential learning course and its impact on teachers' interaction with SEN students were categorized into two broad categories, each with several sub-categories (See Figure 4) .
In this paper, we focus on two sets of findings. First we describe how teachers' experiential learning activities in informal learning settings expanded teachers' agency to teach SEN learners by changing teachers' schema regarding SEN students as science learners with unique interests and abilities. Second, we discuss the potential impact these changes in schema could have on teachers' future interactions with SEN students in inclusive classroom settings. We discuss each finding in detail below.
Recognizing SEN students as potential science learners
During our course, pre-service science teachers changed their beliefs about SEN students as science learners who can be taught in inclusive classroom settings. Because pre-service teachers had previously only learned about SEN students from textbooks and lecture, they had limited knowledge and understanding about SEN students in real life and in science-learning environments. Most teachers reported having had negative experiences and limited expectations for SEN learners. Engaging in these experiential learning activities challenged our teachers' beliefs and provided new schema for recognizing SEN students as individual science learners with varied characteristics. In addition, our teachers gained knowledge and practical experience about how to effectively communicate with SEN students, which helped teachers to establish positive attitudes about the potential for having SEN students in their future science classes. 
Identifying SEN students' interests and learning abilities in science
Specifically, teachers recognized that SEN students are not only interested in learning science, but that SEN students varied in their learning abilities. Prior to this course, most teachers found they had limited expectations for SEN students' interest in learning science. When reflecting on the interactive dialogue a teacher had had with high school students during the site visit to decide what to include in the science fair, a teacher noticed something: I had a question-and-answer session with [SEN] students, and what amazed me was that these students were very interested in biology and were very active in their academic and laboratory activities. To be honest, I thought that if I were disabled, I would rather view my limitations and not pay much attention to studying. I found that was my arrogant prejudice. The level of disability of each student varied, but they were all very ambitious about learning science. (PST 1, Autobiographical reflection 3, April 2016)
As teachers reflected on their personal biases though writing autobiographical reflections, they were able to become more critically aware of their negative pre-conceptions about SEN students: I had thought SEN students would be dull, lack learning ability, and find it hard to understand science before taking this course; however, I found that my thinking was wrong. SEN students just have difficulties in accessing new information. If they successfully get information, they can show the same learning ability as regular students. (PST 3, Autobiographical reflection 5, June 2016) As shown in the excerpts above, interactions with real SEN students helped pre-service teachers to understand the characteristics of SEN students and to think about possibilities for SEN students to be interested in learning about science. Teachers reported a shift in thinking and indicated that when given appropriate support, they believed the achievement of SEN students could be improved and even reach the same levels as their general education peers. 
Acknowledging diverse characteristics and aptitudes among SEN students
Teachers also began to see SEN students as individual learners rather than a group of students who all shared similar abilities and interests. Teachers were able to recognize that even students with the same disability will have differences in their personal aptitudes and characteristics for learning science. I realized that even if a SEN student has a severe disability, that student could actually perform better on some tasks than other students with mild disabilities. The achievement level of SEN students is diverse according to their individuality rather than the level of their disability. I was embarrassed that I was so prejudiced that I was unable to see the students as individuals; rather I only saw the limitation of their disabilities. (PST 2, Autobiography 5, June 2016)
The SEN students who participated in the science fair had a range of hearing, cognitive, and physical abilities, as well as some students with mild behavioural issues. Although several students were characterized by their teachers as being average-to-high-academic achievers, a few students performed well below average. In addition, while some students had received cochlear implants, most still relied heavily on lip reading and Korean sign language for communication. Finally, two students' hearing impairment was the result of a development disorder that also affected their physical appearance. One of these students experienced greater difficulty when asked to engage in activities requiring fine motor skills or good hand-eye coordination, so some physical accommodations were also needed for him to be able participate in each activity. Thus, even though a limited number of SEN students participated in our study from a specialized school supporting deaf and hearing impaired learners, these students provided our teachers with opportunities to consider the learning needs of a diverse group of students.
Through their work with these students at the fair, teachers were interested to find that a student with profound deafness outperformed a student who had partial hearing. It was important for teachers to see that a disability did not define the limits of what a student could be expected to achieve. Teachers discovered that SEN students are similar to general education students in terms of having distinguishing and various aptitudes in science. In addition, teachers learned that each SEN student had a unique personality. SEN students' individual personalities were so different. I need to consider that even students who have the same hearing disabilities have huge differences among them. (PST 7, Group interview 3, June 2016)
Reflecting on their interactions with SEN students during the science fair forced teachers to challenge their previous misconceptions and biased notions about SEN students, which repositioned teachers to begin to consider how they could more effectively address the diverse needs and interests of SEN students in their future classrooms.
Potential for positive impact on teachers' interactions with SEN students
In this section, we describe how this course helped teachers to foster beliefs that were more positive about their roles as future science teachers in inclusive classrooms. Engaging in the experiential activities, pre-service teachers implemented teaching strategies appropriate for SEN students and recognized the importance of individual education plans (IEPs) through reflection. Our teachers developed attitudes that were more positive about having SEN students in inclusive formal classroom settings, but they also deepened their understanding of the challenges that would face them as future teachers. They gradually gained an expanded view of their responsibility for developing a positive relationship with both parents and SEN students in order to help facilitate SEN students' social and academic inclusion.
Implementing teaching strategies appropriate for SEN students
Pre-service science teachers were able to gain knowledge about useful teaching strategies for SEN students in inclusive science classes and to recognize the importance of IEPs. While teachers reported they had some basic knowledge about effective strategies before the course, having the chance to really implement strategies and see how real SEN students responded helped to expand their thinking about the goals and challenges of providing science-learning opportunities for SEN students.
When planning a lesson for a SEN student, I should not underestimate the student's learning ability and be careful not to just provide easier materials than what other students learn because of my prejudice (accommodation). However, determining the appropriate teaching level for the SEN student (modification) would be very difficult in a realistic situation. (PST 11, Online discussion 4, May 2016) Pre-service science teachers further enhanced their understandings of science teaching strategies while practising science teaching. Our teachers were able to identify the effects of their teaching and to learn new ways that they have not previously considered.
I became aware of the functionality of wipe boards for students. Providing different activities can be one strategy, but if SEN students find that they have different activities from each other, they may be frustrated. If I give students same materials with a basic activity and explain an advanced activity on the wipe board, it may enhance the students' understanding. I can think about the use of the wipe board next time. I learned a lot through this course. (PST 9, Autobiographical reflection 5, June 2016)
Reflecting on their teaching experience, teachers deepened their thoughts about how to adequately provide for SEN students' needs. Having a chance to teach the same lesson to different groups of learners allowed teachers to better appreciate the importance of creating IEPs that are suitable for individual learners if they want to enhance students' science achievement. When teachers have access to tools and are able to effectively use these tools to meet their teaching goals, they will be more confident about their capacity to teach SEN learners.
This course gave me a chance to think about how to teach science to SEN students effectively in the future. I think that how I teach should be different depending on a student's level of disability. A thorough understanding about disabilities should come first in order to understand SEN students and teach them. (PST 4, Autobiographical reflection 5, June 2016) Their reflections demonstrate their active re-positioning of themselves towards a future career in which they will be tasked to support SEN learners in addition to all of the other students in their class. These experiences allowed our teachers to begin to see themselves as professionals rather than as student teachers. This has important implications for how experience gained from teaching in informal science settings can have the potential to be transferred to formal classroom settings in the future.
Establishing positive attitudes towards inclusive science education
As teachers recognized the potential of SEN students to learn science, they became more positive about the need for inclusive science education and more confident in their desire to try to support SEN students in the future. However, some teachers continued to be concerned about how impractical inclusive education could be at the secondary level where teachers feel pressure to focus their effort on college entrance examination preparation. I can include SEN students, but it will seriously disadvantage other students. Because the curriculum is so packed, you have to teach a lot in a short time. If I had such a [SEN] student and needed to teach the student in different way, the rest of students may lose their opportunity to learn in depth. I think it could be possible at the middle school level, but at the high school level, it does not seem to be a good idea. (PST 2, Pre-interview,
Pre-service teachers had concerns about the ways in which inclusive education could disadvantage the achievement of not only regular education students, but also SEN learners. As a result of their participation in the course, teachers began to recognize how much knowledge they still needed if they were to successfully implement strategies to include SEN students in inclusive classrooms.
I will try to include a SEN student as much as possible. If the student is too far behind the class I will ask a special teacher and other teachers in my school for help. If the student is lagging behind, I will think about it more. But I think including the SEN students will be helpful for all of us: other students, the SEN student, and me. I think it can be a challenge for me. (PST 9, Post-interview, June 2016) While some teachers continued to focus on the potential downsides associated with including SEN learners in the regular classroom, others began to say that they felt that having SEN students in the classroom could benefit the learning of all students. This course offered time to discover something about myself. Something inside of me connected with the studentswas it positive? Negative? Or a double-edged sword? I don't know, but I know I felt something. And I can say that now I am personally confident. I also feel a sense of challenge. (PST 5, Autobiographical reflection 5, June 2016) Teachers felt rewarded by the experience of developing and implementing science activities with SEN students, and doing so helped some teachers to gain the will and confidence to accept the challenge of working in inclusive science classrooms in the future. Through this course, teachers became more aware of the ways in which structures within the formal school field and in Korean society could limit their capacity to effect change for SEN learners. They also became more aware of how they could effect positive change on a small scale by cooperating with parents and SEN learners as resources for teaching and learning.
Recognizing the importance of teachers' roles and responsibilities
Through this course, pre-service science teachers recognized the importance of their roles and responsibilities to support SEN students' social and academic inclusion. Teachers strongly emphasized the need to act as mediators between SEN students and the students' surrounding environment.
They [SEN students] will spend more time with other students than with teachers. Teachers' behaviour and words can have huge effects on other students' views. So I think that teachers should work to support not only SEN students but also to change other students [perceptions about SEN students]. (PST 4, interviews, June 2016) The above comment from a teacher interview demonstrates that teachers need to be aware of their actions in the classroom, not only in relation to individual SEN students, but also as a role model for general education students who may take their cues from the teacher about how to interact with their SEN peers.
The most important thing [for SEN students' learning] is that the teacher must believe that science is possible for SEN learners. If teachers think it is impossible, they will not even try. But by thinking that it can be possible, the teacher can try things and discuss ideas with other teachers [to get support]. (PST 6, Post-interview, June 2016) This quote reflects a growing awareness among teachers about the importance of teachers' expectations for students' science learning. Our teachers felt positive expectations were necessary if students were to be adequately supported. In addition, teachers remarked on the significant role that teachers play in establishing communication with parents, who can serve as a resource for their child and the teacher. I found it is important to involve both SEN students and their parents. We need to talk to each other frequently to see if the student is doing well in the class. The process of modifying lesson plans should reflect the interest of the student. (PST 7, Post-interview, June 2016) Becoming aware of the role teachers need to play, as mediators between SEN students and parents, in helping support the development of students' IEPs was a critical change. Teachers indicated the need for IEPs to reflect both the opinions of the SEN students and their parents. While this is common in many countries, the IEP process is not well defined in practice in Korea. Having pre-service teachers begin to consider their role in this process is a positive step towards helping to improve learning outcomes for SEN students.
Conclusion and discussion
In this study, pre-service science teachers were able to become more open to future possibilities for teaching science in inclusive settings. Consistent with the literature (Campbell et al., 2003; Forlin et al., 2009; Shippen et al., 2005) , which shows that positive attitudes towards inclusive education can be established through reflection on direct experience, our teachers established positive attitudes towards inclusive science education while learning about science teaching strategies that are appropriate for SEN students. We believe this approach to teacher preparation benefitted our pre-service teachers by enhancing their teaching self-efficacy and fostering in them more positive attitudes towards both inclusive education and SEN students.
Our study shows that experiential learning, coupled with reflection, was a powerful tool for changing teachers' beliefs and practices. This course expanded pre-service teachers' opportunities to positively engage with SEN students in a supported learning environment so that teachers' awareness and positive attitudes towards SEN students increased. The course also generated opportunities for teachers to develop a rapport with SEN students and to feel closer with them as peer-mentors. From our group interviews focused on discussing science teaching, roles of teachers, and the futures of SEN students, we found that our teachers had begun to expand their view beyond the classroom and were beginning to consider challenges for disabled people in Korean society and in the world.
Engaging in experiential activities without explicitly reflecting on what is learned can limit preservice teachers' capacity for development and growth as teachers. Writing autobiographically supported our pre-service science teachers to articulate their individual biases, and by discussing their reflections, they collectively considered their roles and responsibilities as teachers of SEN students. We found that teachers expanded their ability to see beyond a students' disabilities and instead see each SEN student as a science learner. This course helped to professionalize our teachers as they began to imagine themselves in their future classrooms and to consider their roles and responsibilities for teaching science to all students, regardless of ability. We expand on these two topics in the following sections.
Recognizing SEN students as science learners
Pre-service science teachers reported they had limited knowledge about the science learning capacity of SEN students before this course due to their lack of experience with SEN students. As participants in this course, they recognized that the level of disability, characteristics, and achievement vary according to individual SEN students. They also learned that both the science conceptual understanding and achievement of SEN students could be improved if appropriate supports (students and resources) are provided. Science teachers who lack general knowledge and practical experience in special education may have biases regarding SEN students' capacity to safely participate in experiments or to benefit from learning science. Unchecked teachers' biases can present the first stumbling block for SEN students' achievement.
Our teachers' experiences teaching the same lesson multiple times to different SEN students allowed teachers to confront some of their prejudices and to begin to view these students as individuals. This meant our teachers were in a better position to consider not only the challenges that limited these students, but also the myriad resources they brought with them to support their science learning. At the beginning of the course, when asked to consider whether a person with disabilities can be a scientist, most of our teachers mentioned Stephen Hawking, a famous physicist, as an example of what could be possible for others. However, this was the only example our students could think of. Without examples of what is possible, it is difficult for students and teachers alike to imagine a pathway to success in science.
Partnering with teachers in a school with highly trained special education teachers provided our students with examples of not only how effectively SEN students could be motivated to learn, but also that there were career pathways available to SEN students. Our teachers were very impressed by a highly energetic and dynamic teacher at our partner school who was also profoundly deaf since birth. The students remarked how he was not only a role model for the SEN students, but also for them as teachers. This speaks to the critical importance of providing teachers with positive interactions with not only SEN learners, but also adult role models who can expand teachers' awareness of what is possible. Experiential learning courses can help teachers to expand their thinking about who SEN students are and what possibilities exist for their futures. Reflection coupled with experience may be a first step forward towards teachers building a bridge between science and SEN students in Korean society.
Potential for positive impact on teachers' interactions with SEN students
Our pre-service science teachers had been positive about inclusive science education at the beginning of the research, but they believed that only SEN students with a limited range of impairments would be appropriate for inclusion. Teachers worried that including any student with special needs could disadvantage or discriminate against general education students. They also felt it would be burdensome to design appropriate lessons and prepare necessary materials for supporting accommodations for different SEN students. However, by the end of the course, teachers felt they could promote the understanding of science by employing a range of appropriate teaching strategies for different students. They gained confidence and felt a sense of challenge towards teaching science to SEN students in an authentic setting. Preparing materials with peers, co-teaching lessons, observing peers, and reflecting on their own teaching supported students to develop new skills in the context of teaching (Schön, 1983) . As their knowledge increased, they developed a sense of spielraum that enabled them to be more responsive to students in the moment, which provided evidence of expanded teacher agency.
Before participating in the experiential learning course, pre-service science teachers thought that science teachers in inclusive classrooms should try to understand SEN students and create an inclusive atmosphere. However, pre-service science teachers recognized that science teachers should work as guardians and mediators for SEN students between them and their surroundings in order to realize inclusive education. In addition, our teachers reported that the teacher should have a positive attitude in teaching science and prepare appropriate teaching strategies through communication with SEN students and their parents. This is consistent with Kwon's (2012) work, which found that the quality of science education can be improved through the participation of SEN students and their parents because there can be a disagreement about inclusive education between SEN students, parents, and science teachers. In this study, our teachers were able to understand the role and the responsibility of the general teacher in an inclusive class (Lee & Kwon, 2010; Seo, 2010) .
Improving teacher education can improve achievement for SEN learners
Studies have shown that one of the most important factors preventing SEN students from being educated in fully inclusive classrooms settings is that general education teachers are not adequately prepared to effectively support SEN students in an inclusive education setting (Kim, 2012; Mastropieri et al., 1999; Park, Lee, & Heo, 2015) . In addition, the use of specialized vocabulary to describe complex concepts and the need to engage students in complicated, and potentially dangerous, laboratory activities may make it especially challenging for science teachers to support SEN students' learning. Currently little is known about SEN students' science learning experience in special education classrooms or in the inclusive science classrooms in Korea. In this study, SEN students who participated in the science fair had expanded access to science resources and materials, including visiting research laboratories and conducting experiments with specialized materials not available in special schools. In addition, they had the opportunity to learn science from highly qualified science teachers with deep content knowledge, which is not typical for students in special schools, who are generally instructed by special education teachersnot content specialists. In addition, the SEN students in our study expanded their social networks by building relationships with university peers who could encourage and mentor the SEN students about how to enter college and make decisions about their academic future. For a group of students who are so often marginalized in school and in society, courses such as this have the potential to not only transform teacher education, but also to improve learning opportunities and career trajectories for SEN students. More research is needed to understand the benefits of this experience for these students and to continue to find ways to improve educational outcomes through innovative teacher education.
Limitations
We sought to transform pre-service teachers' beliefs about SEN learners in order to expand their agency to be able to effectively teach science in informal settings to SEN students with the goal of being able to take what was learned from these experiences into their future classrooms. In developing this study, there are several limitations to consider. First, we are attempting to prepare future teachers for inclusive science teaching in traditional schools by engaging them in informal teaching and learning opportunities by partnering with a special school for deaf and hearingimpaired students rather than a regular education school. While it may be preferable to provide these teachers with a high-quality immersive teaching practicum with well-trained teachers in inclusive science classrooms, this is not a possibility at this time. Although teachers could learn important lessons about how to support SEN students in formal classroom learning environments, we believe that different skills can be cultivated from participating in informal learning environments that will be beneficial for the future when teachers begin working in formal school-based settings.
By partnering with a special school, we can ensure that teachers have opportunities to work with a range of learners, which provides more opportunities for differentiating instruction for each student. By not including regular education students in this course, our teachers were forced to prepare lessons tailored for each individual learner. Typically, teachers develop lessons to target the average students, meaning high-and low-achieving students may not benefit from instruction. Initially, our teachers expressed concern that accommodating SEN students' learning needs in a general education setting would be unfair to general education peers who receive no additional supports. However, after meeting with the parent lecturer, special education teachers, and teaching the SEN students at the science fair, our teachers reported they were keenly aware that the lesson modifications and adaptations made it possible for each student to learn and participate. For example, our teachers learned to provide pictorial representations of key science terminology and to "chunk" instructions into small, easy to read sections to better support the SEN students in our study who struggled with language processing issues.
We believe this experience has the potential to benefit a wider range of students in future inclusive classroom settings as our teachers have seen the positive effects individualized instruction can have on students' learning and participation. By expanding the scope of our course to address the learning needs of culturally and linguistically diverse (CLD) students with limited Korean language proficiency, our teachers may recognize the benefits language modifications could offer Korean language learner (KLL) students who are increasingly enrolling in K-12 schools (Ahn, Chu, Kim, Park, & Martin, 2016; . In addition to providing modifications to support students who may struggle to understand scientific terminology, our teachers could also learn how to more effectively facilitate peer social dynamics while engaging SEN and CLD students and their general education peers in collaborative science learning activities.
We believe that preparing new science teachers to meet the learning needs of CLD students requires a similar focus on improving pre-service teachers' knowledge about CLD students as learners and supporting them to acknowledge unexamined bias and negative perceptions they may have about Korea's rapidly changing society, which is becoming increasingly culturally and linguistically diverse. Finally, we also need to provide pre-service teachers with positive opportunities to teach science to CLD students in both informal and formal learning environments. Currently, similar limitations exist with regards to preparing pre-service teachers to support CLD learners in inclusive science classrooms (Kang & Martin, 2018) . We hope to expand our approach to improving inclusive science teaching by engaging teachers to work with both SEN and CLD students in the future.
Implications
In this section, we discuss implications for how this approach to teacher education could improve learning opportunities for a group of students who tend to underachieve due to various structural constraints that serve to marginalize these learners in K-12 schools. We argue the need for developing more experiential-based, university-school partnership courses that provide opportunities for teachers to connect theory with practical teaching experiences and we offer suggestions for policy and research that continues to drive improvements in inclusive science education.
Improving opportunities for SEN students to learn science
Informal science education settings can provide SEN students with rich resources to support their learning. In Korea, there have been a few cases in which SEN students have been engaged in science events such as science classes at the university, science festivals, and student-generated science fairs (Im, 2008) . However, these are usually isolated, one-time activities. Melber and Brown (2008) found that science education programmes in inclusive settings could have a positive impact on SEN students' confidence in their science learning abilities and attitudes towards science.
By having a school for deaf and hearing-impaired students as our partner school for this course, the participating SEN students from that school had a chance to engage in scientific activities unlike any they had ever experienced before. These students had a chance to use scientific lab equipment, be taught by teachers with strong science content knowledge, and become motivated about selecting science as a pathway to the future. These SEN students had expanded access to science resources and materials that are not traditionally accessible to them due to their school's lack of financial and instructional support. Having access to scientific resources (such as microscopes and glassware for experiments) not only improved these students' understanding of science content but also motivated them to learn science.
We would like to see more university-school partnerships focused on improving science learning for SEN students that can offer formal education settings where SEN learners, who may not normally have access to the resources they need to be successful, can have positive outcomes. We advocate more collaboration between teacher education programmes and informal science institutions that can support sustained teaching and learning interactions for SEN students over time and in formal settings. Currently, we have limited information about the educational trajectory of SEN students in Korea, but the data we do have paint a somewhat bleak picture about the quality of learning experiences these students can expect.
A recent study examining the relationship between disability and poverty for people in Asian countries found that people with disabilities in Korea experience significantly lower employment and lower educational attainment rates than persons without disabilities (Economic and Social Commission for Asia and the Pacific [ESCAP], 2012). This same study found that only 6% of Koreans with disabilities indicated they were able to meet their livelihood needs without assistance from their families or the government and more than 70% of these participants indicated that their schooling provided no vocational training. Nearly three quarters of respondents indicated that they were not presently holding jobs and had no employment opportunities (ESCAP, 2012; Korea Employment Agency for the Disabled, 2017), and people with disabilities who are employed earn less than half of what people without disabilities earn (Statistics Korea, 2018b) . Being a SEN student in Korea results in significantly fewer learning and earning opportunities, which is a human rights and social justice issue because this group of students is being denied the same science education being enjoyed by their peers.
Educational policy and research initiatives to improve inclusive science education
Currently teacher education programmes in Korea are not flexible enough to provide the coursework, training, and certification needed to support teachers to be successful educators of SEN students. Studies exploring teacher perceptions about SEN students and inclusive science education (Cawley et al., 2003; Southerland & Gess-Newsome, 1999) found teachers' negative perceptions about disabilities contributed to their limited expectations for SEN students' capacity for learning. Current societal norms in Korea dictate that SEN students do not need to be well educated because they will not compete in the university entrance examination process. As a result, these students are routinely held to lower expectations for learning, which leads to underachievement. This presents significant obstacles for effective inclusive education and for equitable learning outcomes for students with special education needs. Thus, we need national and local educational policies that promote and support collaborations between teacher education programmes and informal education institutes. University-school partnerships could benefit a broad range of diverse learners by requiring that innovative teacher education courses be developed for pre-and in-service teachers in the fields of both general education and special education.
Introducing teachers to new research about effective co-teaching between special-education and content-specialist teachers (see Scheeler, Congdon, & Stansbery, 2010) , using differentiated instruction techniques to provide SEN learners methods and materials that match their individual needs (Tomlinson, 2001) , and using peer-mediated instruction and intervention strategies could better support SEN learners to be included both academically and socially (see Scruggs, Mastropieri, & Marshak, 2012) .
Currently, in-service teachers report generalized challenges that prevent their implementation of inclusive teaching practices. Challenges include a lack of science teaching materials and resources for SEN students (see Kim, 2014; Kwon, 2012) . In-service teachers report a critical need for resources and textbooks to support differentiated instruction in real classroom settings. However, in-service teachers have limited experience engaging in professional development about inclusive teaching practices (Lee & Park, 2009 ). In addition, they tend not to collaborate with special education teachers (Park, 2010) and tend to lack the administrative support needed to support SEN learners. However, little research has been done about science education for SEN students in international and Korean contexts (Choi & Shin, 2012; Martin, 2018) . We need more research focusing on the intersections of special and science education. With more people invested in addressing equity issues for SEN students in science, we can anticipate improved learning outcomes for this group of students as well.
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